Abstract

1
Alphaviruses are positive-strand RNA viruses expressing their replicase as a polyprotein P1234, 2 which is cleaved to four final products, nonstructural proteins nsP1-nsP4. The replicase proteins 3 together with viral RNA and host factors form membrane invaginations termed spherules, which 4 act as the replication complexes producing progeny RNAs. We have previously shown that the wild 5 type alphavirus replicase requires a functional RNA template and active polymerase to generate 6 spherule structures. However, we now find that specific partially processed forms of the replicase 7 proteins alone can give rise to membrane invaginations, in the absence of RNA or replication. The 8 minimal requirement for spherule formation was the expression of properly cleaved nsP4, 9 together with either uncleaved P123, or with the combination of nsP1 and uncleaved P23. These 10 inactive spherules were morphologically less regular compared to replication-induced spherules.
11
In the presence of template, nsP1 + uncleaved P23 + nsP4 could efficiently assemble active 12 replication spherules producing both negative-sense and positive-sense RNA strands. P23 alone 13 did not have membrane affinity, but could be recruited to membranes sites in the presence of 14 nsP1 and nsP4. These results define the set of viral components required for alphavirus replication 15 complex assembly and suggest the possibility that it could be reconstituted from separately 16 expressed nonstructural proteins. The alphavirus genome is translated to yield polyprotein P1234, which is the 53 precursor of viral nonstructural proteins nsP1-nsP4. All four nsPs are required for RNA synthesis 54 (10-12), and they all are found at replication spherules (2, 3). The processing of P1234 takes place 55 in a defined sequence of steps, and it has been firmly established that the different processing 56 intermediates play a critical role in the strand-specificity of the replication complex. When nsP1, 2 57 and 3 are still unprocessed as P123 polyprotein, but the core polymerase subunit nsP4 is cleaved, 58 the replication complex is mainly dedicated to negative strand synthesis (12, 13 (Fig. 5Di ), but spherules were very rare when P123 was cleavable (Fig. 5Dii ).
204
As a comparison, a sample with template was included, verifying the efficient active spherule 205 formation with the uncleaved P123 together with nsP4 (Fig. 5Diii) . (14), with NcoI and SacI into P123G and P12 CA 3G, thus removing nsP1 from both.
311
Previously described template constructs Tshort (14) and Tmed_Vis (16) polylinker between elements II and III, and the obtained plasmid was designated SINV-Rluc-Tom.
341
The sequences of all constructs were verified by Sanger sequencing and are available from the 342 authors upon request.
343
Western blotting. Cells were transfected with plasmids by using Lipofectamine™ LTX reagent 
